Resistance and aerobic exercises do not affect post-exercise energy compensation in normal weight men and women by McNeil, Jessica & NC DOCKS at The University of North Carolina at Greensboro
Resistance and aerobic exercises do not affect post-exercise energy compensation in normal 
weight men and women 
 
By: Sébastien Cadieux, Jessica McNeil, Mary P. Lapierre, Marie-Ève Riou, Éric Doucet 
 
Cadieux S, McNeil J, Lapierre MP, Riou M-È, Doucet É. Resistance and aerobic exercises do 
not affect post-exercise energy compensation in normal weight men and women. Physiology & 
Behavior, 2014, 130: 113-119. https://doi.org/10.1016/j.physbeh.2014.03.031 
 
 This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License. 
 
***© 2014 Elsevier Inc. Reprinted with permission. This version of the document is not the 




Background: Previous research has reported no effect of exercise modality (aerobic vs. 
resistance) on energy intake (EI). However, the relatively low energy cost of resistance training, 
the absence of total energy expenditure (TEE) measurements and the short duration of these 
studies justify further investigation. Objective: To evaluate the effects of exercise modality on 
EI, TEE, non-exercise activity thermogenesis (NEAT) and post-exercise energy compensation 
(PEEC) measured acutely, as well as for 10 and 34 h following exercise. Design: Eight men and 
8 women participated in three randomized crossover sessions: aerobic-based exercise, resistance-
based exercise, and sedentary control. Exercise energy expenditure (ExEE) was continuously 
measured (indirect calorimetry) throughout the exercise sessions, which were designed to 
produce an isocaloric ExEE of 4 kcal/kg body weight. TEE and EI were monitored for 34 h post-
exercise with biaxial accelerometers and a validated food menu, respectively. Results: There 
were no differences in EI between exercise modalities acutely, as well as 10 and 34 h following 
exercise. However, a modality by sex interaction was noted for acute EI. Men ate more after the 
resistance than after the aerobic session (1567 ± 469; 1255 ± 409 kcal, respectively; P = 0.034), 
while no differences were seen in women (568 ± 237; 648 ± 270 kcal, respectively; P = NS). No 
differences in TEE, NEAT and PEEC were found 10 h and 34 h post-exercise, while a positive 
correlation (r = 0.897; P < 0.01) was found between both modalities across participants for 
PEEC. Conclusion: Exercise modality does not impact PEEC when ExEE is controlled. Our 
results also show that within-individual PEEC seems to be relatively constant across exercise 
modality. 
 




Abbreviations: EI, Energy Intake; EE, Energy Expenditure; TEE, Total Energy Expenditure; PEEC, Post-
exercise Energy Compensation; NEAT, Non-Exercise Activity Thermogenesis; ExEE, Exercise Energy 
Expenditure; CSEP, Canadian Society of Exercise Physiology; REE, Resting Energy Expenditure; VAS, Visual 




According to findings by Edholm [1] and Mayer [2], [3], [4], a central regulatory system is only 
able to strictly control energy intake (EI) above a certain threshold of energy expenditure (EE). 
This perfect match is defined as a 100% post-exercise energy compensation (PEEC), while an 
absence of changes in EI indicates a PEEC of 0%. In essence, recent studies have measured the 
acute effects of exercise on EI, but conflicting results have ensued. Certain studies noted an 
increase in EI following an exercise session [5], [6], [7], [8], while others noted no 
changes [9], [10], [11], [12], [13], [14], [15], or a decrease [16]. The discrepancy in these results 
may be in part due to certain factors which may impact post-exercise EI, such as 
sex [7], [17], [18], obesity [19], exercise intensity [7] and cognitive factors [5], [20], [21]. 
 
Non-exercise activity thermogenesis (NEAT), which is the EE associated to all activities or 
movements performed during our daily living outside of an organized exercise session [22], has 
been previously investigated in a whole-body indirect calorimeter. This study reported that 
NEAT may explain 100–800 kcal of inter-individual variations [23]. This is similar whether 
active, inactive individuals, or those with similar physical activity levels are compared [24]. It 
has also been demonstrated that trained and untrained men had the same level of NEAT 
following a bout of exercise [25]. As a result, it could be speculated that a change in NEAT 
could impact PEEC, but this has never been objectively measured under free-living conditions 
following an exercise session. 
 
The majority of previous studies investigating the impact of an exercise session on energy 
balance have focused on the effects of aerobic-based exercises on subsequent EI. To our 
knowledge, only two studies have included an aerobic- and a resistance-based exercise session 
within the same study design. Balaguera-Cortes et al., [26] and Laan et al. [27] measured the 
impact of aerobic- and resistance-based exercises performed at 70% of the participant's maximal 
capacity for 45 min and 35 min, respectively, and found no significant differences in EI between 
sessions. However, the low energy cost of the resistance session compared to the aerobic session 
might explain the absence of differences (ExEE of 80 vs. 290 kcal, respectively). Additionally, 
post-exercise EI was only recorded for 30 min after exercise, and subsequent changes in TEE 
were not measured. 
 
Taken together, the comparison between acute post-exercise EI following aerobic and resistance-
based exercise sessions in previous studies is limited by a large discrepancy in the energy cost of 
exercise (ExEE). Furthermore, the objective measurement of TEE and EI over a longer period of 
time, in both men and women, following aerobic- and resistance-based exercise sessions within 
the same study design is warranted. The objective of the present study was to measure the effects 
of a 4 kcal/kg kilo calorie-clamped aerobic- and resistance-based exercise session on EI, TEE 
and total PEEC in men and women, acutely, as well as 10 and 34 h following the exercise trial. 
We hypothesized that resistance exercise would lead: 1) to greater EI and: 2) to lower NEAT 
over the 2-day testing period compared to the aerobic and control sessions. We also hypothesized 
that PEEC would be greatest after resistance exercise during this period compared to the aerobic 
and control sessions. 
 




Sixteen participants (8 women and 8 men) completed the three experimental sessions. All 
participants were individually interviewed to evaluate whether they met the inclusion criteria: 1) 
between the ages of 18 and 45 years; 2) participated in less than 150 min of exercise per week, 
which is below the Canadian Society of Exercise Physiology (CSEP) recommended physical 
activity guidelines for adults [28]; 3) no heart problems; 4) regular menstrual cycle; 5) non-
diabetic; 6) stable weight (± 4 kg) within the last six months, and 7) no excessive consumption of 
alcohol, no drug/medication consumption and non-smoker. All participants were healthy and had 
no orthopedic complications that could limit exercise, and were not taking any medications that 
could affect cardiovascular function and/or metabolism. The study was conducted according to 
the guidelines laid down in the Declaration of Helsinki and all procedures involving human 
participants were approved by the University of Ottawa Ethics Committee. Written informed 
consent was obtained from all participants. 
 
2.2. Procedure of the experimentation 
 
This study used a randomized crossover design. Participants took part in a preliminary session 
followed by three experimental sessions. An overview of the protocol employed for each 
experimental session is presented in Fig. 1. A washout period of at least seven days separated 
each session. Women were only tested between days one and eight of the follicular phase [29]. 
Participants were instructed not to consume alcohol or engage in any type of exercise (e.g. 
playing sports or training) for at least 24 h prior to the start of each session, and during the data 
collection period, but were allowed to take part in their habitual non-structured physical activities 
(e.g. walking, cycling to school). Compliance to these details was verified via self-report before 
and after each session. 
 
 
Fig. 1. Training session details. A) Resistance; B) aerobic; C) control. 
 
2.3. Preliminary session 
 
Participants arrived at the laboratory at 0900. Body weight was measured, and is described 
elsewhere [30]. Body composition was measured using dual-energy X-ray absorptiometry (GE-
LUNAR Prodigy module; GE Medical Systems). Eating behavior traits were measured with the 
Three-Factor Eating Questionnaire [31]. A progressive exercise stress test to exhaustion was 
performed to measure participants' peak maximal oxygen consumption (V˙O2peak) on a 
treadmill. Participants were asked to abstain from eating and drinking coffee for at least 2 h prior 
to the test. The CSEP guidelines were followed [32], with each stage of the test lasting 2 min 
with a constant speed and an increasing grade to the point of exhaustion. Heart rate and 
perceived exertion measured with the Borg scale [33] were assessed at rest and at the end of each 
stage. Breath-by-breath samples of expired air were collected with a mouthpiece, and 
measurements of V˙O2 and respiratory exchange ratio were automatically collected using a 
Vmax 229 series metabolic cart (SensorMedics Corporation, Yorba Linda, CA, USA). Following 
a brief warm up (2 min at 3 mph, 2 min at 5 mph and 1 min at 3 mph), participants performed the 
test protocol. The test was terminated when at least two of the following criteria were achieved: 
1) predicted maximal heart rate was reached; 2) respiratory quotient was above 1.1; 3) oxygen 
consumption remained stable or decreased with an increase in workload or 4) a Borg scale rating 
of ≥ 19 was reported by the participant. Peak oxygen consumption was considered as the 
highest V˙O2 value during the test. Finally, a maximal strength test was performed for 12 
different exercises: these 12 exercises are presented in Appendix 1. The optimal position and 
range of motion for each exercise were explained to the participants for safety reasons. The 
weight of each exercise was adjusted until the participants were not able to do more than 12 (± 1) 
repetitions (70% of 1 repetition maximum (1RM)) [26]. Participants alternated between 
performing upper and lower body exercises to make sure that enough rest was given between 
sets. 
 
2.4. Experimental sessions 
 
An overview of the experimental design is presented in Appendix 2. Participants were asked to 
arrive at the laboratory at 0800 following a 12-hour overnight fast and were weighed upon 
arrival. During the first experimental session only, participants were asked to arrive at 0700 in 
order to measure resting energy expenditure (REE) via indirect calorimetry using a Vmax Encore 
29 N metabolic cart (SensorMedics Corporation, Yorba Linda, CA, USA) or Deltatrac II 
Metabolic Monitor (Sensor Medics Corporation, Yorba Linda, CA, USA). The correlation 
coefficients between the two indirect calorimeters calculated with 12 participants in our 
laboratory were: r = 0.990 for the REE, r = 0.992 for the V˙O2 and r = 0.969 for 
the V˙CO2 values. After resting for 20 min, a 5-minute habituation period was performed before 
REE was assessed for 20 min. At 0830, a standardized breakfast was served during each session, 
which consisted of 78 g of thick sliced 100% whole wheat bread (D'Italiano®, 200 kcal), 18 g of 
peanut butter (Kraft Smooth Peanut Butter®, 108 kcal), 16.3 g of raspberry jam (Kraft Pure®, 
52 kcal), 21 g of ultra mild cheddar cheese (P'tit Québec®, 80 kcal) and 225 g of orange juice 
(Tropicana Pure Premium®, 94 kcal). The meal was designed to have a food quotient of 0.85 and 
an energy content of 534 kcal. The participants had 15 min to consume this meal in its entirety. 
At 0845, participants were asked to remain seated until the beginning of the training session, 
during which recreational reading was the only sedentary activity allowed. 
 
2.4.1. Exercise session 
 
During the resistance-based session, which started at 0945, participants were asked to perform 
resistance training (Appendix 1) at 70% of their 1RM, based on the intensity of the exercises 
determined by the 12 RM test completed in the preliminary session. The net ExEE of the 
exercise sessions was clamped at 4 kcal/kg. Exercises were grouped in pairs in order to increase 
EE per amount of time [34]. The order in which the pairs were performed is presented 
in Appendix 1. Each pair was performed four times with 10 repetitions for each exercise, and 
2 min of rest was given between supersets. This protocol was repeated until target ExEE was 
reached. Extra series (e.g. leg press and leg curl exercises) were added if the targeted ExEE was 
not reached at the end of the protocol. Two water breaks of 5 min each (after the 8th and 16th 
pairs) were added to the protocol because the length of this exercise session was much longer 
than the aerobic exercise session. The participants were also able to remove the facemask used to 
measure ExEE during these water breaks. Five male participants were not able to complete the 
resistance session on their first try due to high exertion and dizziness. However, these five 
participants were able to complete this session at a later date. The aerobic-based exercise session 
started at 1020 and consisted of running on a treadmill at an intensity of 70% of the 
participants V˙O2peak until the target ExEE was reached. Lastly, during the control session, 
participants remained seated for the duration of the session and were only allowed to do 
recreational reading. 
 
2.4.2. Energy expenditure measurement 
 
ExEE during exercise sessions was measured continuously (with the exception of the two water 
breaks during the resistance session) using a portable indirect calorimetry unit equipped with a 
facemask that covered both the mouth and the nose (model K4b2, COSMED, Chicago, IL) and 
displayed the values in real time on a laptop (Pavillion dv6, Hewlett-Packard) using the 
K4b2 data management software (Version 9.1 b, COSMED, Chicago IL) [35]. Prior to the 
aerobic and resistance exercise sessions, a 5-minute warm-up was performed on a treadmill 
(2 min at 3 mph; 2 min at 5 mph; 1 min at 3 mph). Measurements were continued for 30 min 
following the aerobic and resistance exercises, while participants remained seated. Following 
this, participants were asked to take a shower (with the same time allowance and water 
temperature between sessions). Finally, using the Borg CR10 scale (Borg, 1982), the participants 
were asked to report how they would classify the intensity of each intervention. 
 
2.4.3. Post exercise 
 
A lunch was served 75 min following each intervention [36]. Ad libitum energy and 
macronutrient intake was measured with a validated food menu, as previously described in 
McNeil et al. [37]. During the aerobic and control sessions, lunch was served around 1215. Due 
to a longer exercise protocol, lunch was served around 1245 for the men and 1300 for the women 
during the resistance session (Fig. 1). After lunch, participants were asked to select the foods 
from the menu that they wanted to consume later that day (1400 to midnight), and for the 
following day (midnight to midnight). The selected food items were prepared, according to 
McNeil et al. [37]. At the same time, participants were fitted with two biaxial accelerometers 
(SenseWear Pro 3 Armbands©, HealthWear Bodymedia, Pittsburgh, PA) that were worn for 34 h 
following the intervention. One was placed around the upper arm (mid-distance between the 
acromion and the olecranon), while the second was placed around the thigh (mid-distance 
between the patella and the inguinal fold). The INNERVIEW software (version 4.02; 
Bodymedia, Pittsburgh, PA) was used to retrieve the data from both accelerometers. Posture 
allocation was determined using software developed to combine and time-align the data from the 
arm and the leg, with an overall accuracy of the model of 90 ± 4% in an unrestricted 
environment (Riou, M.-È. et al. unpublished). Additionally, the accelerometer placed around the 
upper arm was used to measure TEE (INNERVIEW software, version 4.02; Bodymedia, 
Pittsburgh, PA) [38], the step counts and the amount of time it was worn (%). Accelerometery 
data for one participant was excluded due to accelerometer malfunction and another due to 
extreme variations. Finally, an adapted version of the visual analog scales (VAS) [39] was 
administered throughout the day to measure appetite, i.e., during fasting (0845), after breakfast 
(time 0), as well as 30 and 60 min following breakfast. The same visual analog scales were 
administered 45 and 65 min following exercise, as well as immediately after lunch. 
 
2.4.4. Calculations — post-exercise energy compensation (PEEC) and non-exercise activity 
thermogenesis (NEAT) 
 
Based on EI, EE and ExEE, two additional variables were calculated: total PEEC and NEAT. 
 
PEEC = �
[(EI − ETctrl) + (TEEctrl− TEE)]
ExEE
� × 100 
 
NEAT = EE − REE − TEF 
 
NEAT = EE − REE − (EI × 0.1) 
 
where EI is the ad libitum energy intake (food consumed either at lunch, during the first 10 h or 
over the entire measurement period (34 h)), ExEE is the energy cost of the exercise session, TEE 
is the EE measured with the accelerometers (calculated after the first 10 h or after 34 h), CTRL is 
the control session, REE is the resting EE and TEF is the thermic effect of food. 
 
2.5. Statistical analyses 
 
SPSS Software 17.0 (SPSS Inc., Chicago) was used for all analyses. The normality of all 
variables was assessed with a Shapiro–Wilk test and the Q–Q plots were visually inspected. A 
one-factor repeated measures ANOVA for mixed design (aerobic, resistance and control) with 
one between subject factor (sex) was used to assess the effects of exercise modality on EI, TEE, 
NEAT, PEEC, macronutrient intake and posture allocation. A repeated measures ANOVA with 
one within-subject factor [effect of condition (aerobic, resistance and control)] and one between 
subject factor (sex) was used to compare appetite scores. Paired-sample t-tests were used for post 
hoc comparisons with a Bonferroni adjustment of the significance level for multiple comparisons 
(3 comparisons). Paired-sample t-tests were used to compare the ExEE, exercise duration and 
perceived exertion of the two exercise sessions (aerobic and resistance). A Pearson correlation 
was used to compare the PEEC of the resistance and aerobic sessions. Independent t-tests were 
used to compare subject characteristics between sexes. Effects were considered significant 




3.1. Characteristics of the participants 
 
Participant characteristics are shown in Table 1. There were significant differences in body 
weight, height, V˙O2peak, body mass index and percentage of body fat between men and 
women. Nevertheless, body weight was similar between conditions (aerobic: 69.2 ± 12.5; 
resistance: 68.6 ± 12.3; control: 68.9 ± 12.4 kg; P = NS). 
 
Table 1. Descriptive characteristics of participants (n = 8 men and 8 women). 
Variable Overall Women Men P (between women and men) 
Age (Y) 21.9 ± 2.6 22.8 ± 3.0 21.1 ± 2.0 NS 
Body weight (kg) 68.7 ± 12.1 58.9 ± 5.4 78.5 ± 7.9 < 0.001 
Height (cm) 173.0 ± 10.1 164.7 ± 5.3 181.3 ± 5.7 < 0.001 
Body mass index (kg/m2) 22.8 ± 1.8 21.7 ± 1.1 23.9 ± 1.8 < 0.05 
V˙O2peak (ml/kg/min) 53.0 ± 8.6 45.9 ± 5.2 60.1 ± 3.9 < 0.001 
Body fat (%) 20.6 ± 7.9 26.9 ± 5.1 14.2 ± 3.7 < 0.001 
Y = years; kg = kilograms; cm = centimeters; kg/m2 = kilograms per meter square; ml/kg/min = milliliters of oxygen 
per kilogram of bodyweight per minute; % = a fraction of 100. 
 
3.2. Experimental conditions 
 
As designed, there were no significant differences in ExEE between the two exercise modalities 
(aerobic: 274.5 ± 50.6 and resistance: 270.4 ± 56.3 kcal; P = NS). However, exercise duration 
was significantly lower during the aerobic vs. resistance session (24.3 ± 4.3 vs. 87.5 ± 11.4 min; 
respectively; P < 0.001). Perceived exertion measured on a Borg scale (1–10) after the exercise 
sessions was also different between both modalities (aerobic: 5.5 ± 1.8 and resistance: 
7.1 ± 1.8; P < 0.05). It should be noted that during the 30 min following the interventions, EE 
was on average 9 kcal (P < 0.05) higher after the aerobic vs. the resistance session. However, 
values in both sessions had returned to near pre-exercise values at the end of the cool down 
period (data not shown). 
 
3.3. Energy intake 
 
As presented in Table 2, no significant differences in EI were observed between modalities. In 
addition, the effect size was small (0.050) on this main outcome revealing the absence of a clear 
trend between conditions. As expected, a significant difference was noted between sexes. 
Furthermore, there was a sex by exercise modality interaction for EI at lunch (P < 0.05). EI was 
higher in men after the resistance session (1567 ± 469 vs. 1255 ± 409, respectively; P = 0.03), 
whereas no difference between sessions was seen in women (339 ± 256 vs. 411 ± 274, 
respectively; P = NS) (Fig. 2). No significant differences between modalities or an exercise 
modality by sex interaction were found for lipid, protein and carbohydrate intakes at lunch, 10 
and 34 h later (data not shown). As expected, absolute lipid, protein and carbohydrate intakes 
were higher in men compared to women for lunch, during the first 10 h and over the 34-hour 
period (data not shown). Lastly, no differences between exercise modality, sex and interactions 
were found for the different appetite scores measured with VAS (data not shown). 
 
Table 2. Energy intake and energy expenditure throughout the experimental sessions.  
Means ± SD P 
Aerobic Resistance Control Modality Sex Modality × sex 
Energy intake (kcal) (n = 16) 
Lunch 952 ± 459 1068 ± 628 1032 ± 689 NS 0.001 0.024 
10 h 2648 ± 1101 2392 ± 1095 2473 ± 1117 NS 0.001 0.001 
34 h 5442 ± 2050 5524 ± 2327 5757 ± 2164 NS 0.001 0.001 
 
Energy expenditure (kcal) (n = 14a) 
10 h 1269 ± 308 1223 ± 329 1234 ± 323 NS 0.005 0.005 
34 h 3830 ± 795 4052 ± 1051 3837 ± 793 NS 0.001 0.001 
 
NEAT (kcal) (n = 14a) 
10 h 451 ± 206 401 ± 222 411 ± 219 NS NS NS 
34 h 1047 ± 363 1253 ± 441 1039 ± 524 NS NS NS 
a n = 7 men and 7 women. 
 
 
Fig. 2. Absolute energy intake at lunch across the experimental sessions for men and women. 
Values are presented as the mean for 8 men and 8 women ± SEM. * An interaction between 
intervention and sex was noted. This difference was observed in men between the resistance and 
the aerobic session (P = 0.03). 
 
3.4. Energy expenditure 
 
Data for TEE are shown in Table 2. No significant differences for TEE were found between the 
three conditions after 10 and 34 h. Similar to EI, the effect size (0.096) on this analysis also 
revealed the absence of a clear trend in the data. While no interaction was observed, men had a 
higher TEE after 10 and 34 h (P < 0.01 and P < 0.001, respectively). No significant differences 
for modalities, sex and interactions were noted for NEAT (Table 2). Similarly, no differences 
were noted for time spent walking, standing, sitting and lying down (data not shown). 
 
3.5. Post-exercise energy compensation 
 
As presented in Table 3, no differences for exercise modality, sex and interactions were found 
for total PEEC after 10 and 34 h. Correlation analyses were performed due to high inter-
individual variations in PEEC across conditions. As shown in Fig. 3, a positive correlation was 
observed between PEEC measured following the aerobic and resistance sessions. 
 
Table 3. Post-exercise energy compensation throughout the experimental sessions (n = 14). 
Total post exercise Means ± SD P 
Energy compensation (%) Aerobic Resistance Modality Modality × sex Sex 
Day 1 57 ± 209% 16 ± 294% NS NS NS 
Total − 52 ± 465% − 83 ± 467% NS NS NS 
 
 
Fig. 3. Energy compensation values 34 h after the two training modalities. Values are presented 
as the mean for 7 men and 7 women ± SD. A correlation of 0.897 (P < 0.01) was calculated 




The main objective of the present study was to investigate the effects of isocaloric aerobic- and 
resistance-based exercise sessions on EI, TEE and PEEC in men and women over 34 h. Three 
main findings emerged from this study. First, no changes in EI were seen between sessions either 
acutely, after the first day, or over the 34 h measurement period. However, men ate more after 
the resistance than after the aerobic session, while no differences between exercise modalities 
were noted in women. Second, no changes in TEE were seen following each session. Third, there 
were no differences in PEEC between the two-exercise modalities, but a positive correlation was 
found between the two modalities across participants. The findings of this study are reinforced 
by the fact that the energy cost of the exercise modalities were matched, and that EI was 
measured not only immediately after exercise but also for the remainder of the day and the next 
day. In addition, TEE was objectively measured over 34 h, thus providing a complete overview 
of PEEC. 
 
Previous studies have mainly focused on aerobic exercise when investigating post-exercise 
EI [6], [7], [8], [10], [13], [15], [21], [26], [27], [36], [40], [41], [42], [43], [44], while only three 
have assessed EI following resistance exercise [26], [27], [45]. Of these three studies, none 
clamped ExEE, and only two included both modalities in their design [26], [27]. Despite these 
discrepancies in study design, our results do corroborate those of Balaguera-Cortes et al. [26] and 
Laan et al. [27] where no differences in acute EI were noted between exercise modalities. 
Similarly, no differences in EI were noted on the exercise day or 34 h following exercise in the 
present study. However, men and women responded differently in terms of acute EI. More 
specifically, men had a lower EI after the aerobic exercise session vs. the resistance exercise 
session, while no differences in acute EI were noted between exercise modalities in women. Sex 
differences in EI were previously reported by Stubbs et al. [17], who noted that men had a 
slightly negative compensation following an aerobic exercise, while the women's compensation 
was positive for the same condition. Results from the present study add to the latter, by noting a 
greater EI in men following resistance vs. aerobic exercise. It may thus be suggested that the 
degree of EI in response to exercise in men may be dependent on exercise modality, at least 
acutely. Future studies would be needed to further confirm these results. 
 
Measuring TEE and NEAT alongside measurements of EI following an exercise session 
represents one of the novel contributions of this study. Participants were asked to wear the 
accelerometer for 34 h outside of the laboratory environment following the intervention. Our 
results showed no differences 10 and 34 h following the exercise intervention across sessions. 
Furthermore, no differences in posture allocations were noted. These results suggest that exercise 
itself and the modality of exercise employed have no effect on subsequent TEE and NEAT in 
relatively young and healthy individuals. As Westerterp et al. [46] reported in their intervention 
study, increased EE due to training is not compensated by a decrease in leisure time activity. 
McLaughlin et al. [47] reported similar results in lean men and women, which suggests that 
NEAT was not affected by an 8-day training program. Given the important contribution of TEE 
to the energy balance, and the highly variable nature of NEAT (15% of TEE in sedentary 
individuals and 50% or more of TEE in active individuals) [48], more studies are needed to 
investigate this variable under free living conditions in different populations. 
 
In order to obtain a complete depiction of PEEC, both sides of the energy balance have to be 
considered. No significant differences or interactions for PEEC were found in this study. On the 
other hand, we noticed large inter-individual variations for PEEC 34 h following exercise. The 
analyses that were performed revealed that PEEC was relatively stable within individuals 
between exercise modalities (r = 0.897; P < 0.01). This observation suggests that even if 
different individuals may present very different PEEC in response to varying exercise modalities, 
the response within an individual to the same variation in exercise is somewhat constant. This is 
the first study to report that the PEEC of an individual following an exercise session of the same 
caloric cost will be greatly influenced by individual characteristics, rather than the exercise 
modality per se. 
 
The time required to match the ExEE of the two exercise modalities was about three times 
greater for the resistance exercise (24 vs. 88 min). This highlights the relatively low energy cost 
of resistance training as opposed to weight bearing continuous activities when they are 
performed at similar relative intensities (70% of V˙O2peak vs. 70% of 1RM). Similarly, using 
our continuous measurement of EE with indirect calorimetry, we were able to show that aerobic 
exercise elicited a slightly higher EE for the 30 min that followed the exercise sessions. 
However, EE returned to baseline values after this period. Though this study was not designed to 
compare the energy cost of aerobic vs. resistance exercise, the results nonetheless warrant 
prudence when discussing the effects of resistance exercise on ExEE. Future studies designed to 
address this question more directly are needed. 
 
There are some limitations to this study. The 4 kcal/kg energy clamp may not have been a strong 
enough stimulus for the aerobic session, even if it was reported as being sufficiently intense 
(exertion values) during the resistance session. In fact, it took on average 60 min more to achieve 
the ExEE target during the resistance exercise session. Also, participants could have eaten foods 
other than that provided to them; but compliance to this variable was verified via self report for 
each experimental session. Additionally, lunch was served slightly later during the resistance 
session for all participants, even though the resistance exercise session started 30 min earlier. 
However, in order to prevent differences between modalities, lunch was served 75 min after the 
end of each exercise session, which is in agreement with the findings of King et al. [36], who 
reported that participants ate on average 81 min after an exercise session. Finally, we cannot 
generalize these results to the general population due to our small sample size and fitness level of 
our population. However, it should be noted that the effect sizes were also really small. In fact, 
calculations on data from EI, one of the main outcomes of this study, revealed that 108 
participants would have been needed to obtain a significant effect on the main model. This 
reveals the absence of clear trend in the data in favor of our initial hypotheses. 
 
In summary, exercise modality does not impact EI and EE, regardless of perceived exertion [26], 
or whether the calories expended or the duration of the exercises [26], [27] were clamped. 
However, our results show that men ate more immediately following resistance exercise, which 
was not the case for women even if this effect disappears when EI is measured over 2 days. As 
for PEEC, our results showed that each individual tends to maintain a relatively constant pattern 
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Appendix 1. Resistance session protocol 
 
Superset # of series 
Incline bench × 4 
Lateral pull down 
120 second break 
Leg press × 4 
Leg curl 
120 second break 
Chest press × 4 
Seated row 
120 second break 
Leg extension × 4 
Calf raises 
120 second break 
Lateral raises × 4 
Pectoral fly 
120 second break 
Overhead press × 4 
Calf press 
120 second break 
 
Appendix 2. Experimental protocol for the three sessions 
 







0800 Arrival to the laboratory 
Anthropometric measurements 
0800 Arrival to the laboratory 
Anthropometric measurements 
0800 Arrival to the laboratory 
Anthropometric measurements 
0830 Standard breakfast 0830 Standard breakfast 0830 Standard breakfast 
0845 Reading period 0845 Reading period 0845 Reading period 
1020 Aerobic training 0945 Resistance training 
  
1215 Lunch 1245 Lunch 1215 Lunch 
1400 Take home food 
Accelerometers 
1400 Take home food 
Accelerometers 









Take home food 
 
Take home food 
 
Take home food  
Accelerometers 
 
Accelerometers 
 
Accelerometers 
 
